Abstract: A simple, highly versatile and efficient synthesis of 2,4,5-trisubstituted imidazoles is achieved by three-component cyclocondensation of 1,2-dicarbonyl compounds, aldehydes and NH 4 OAc, as ammonia source using urea/hydrogen peroxide (UHP) as a supported green catalyst in refluxing ethanol. The key advantages of this process are high yields, cost effectiveness of catalyst and easy workup.
Introduction
Multicomponent reactions (MCRs) allow the assembly of complex molecules in one-pot and show a facile execution, high atom-economy and high selectivity, as afford good yields and are fundamentally different from two-component and stepwise reactions in several aspects [1] .
Imidazoles are five-membered ring heteroaromatic compound bearing two nitrogen atoms at 1 and 3 positions [2] . These types of compounds are known to display a broad range of pharmaceutical and industrial applications. Imidazole cores are present in many compounds with pronounced biologic activities such as angiotensin inhibitors [3] , anti-inflammatory [4] , glucagon antagonist [5] , antiviral [6] , antimicrobial [7] , fungicidal [8] , and high cytotoxicity, which have indicated them as new candidates in cancer therapy [9] . In recent years, alkylated imidazoliums are substantially used in ionic liquids [10] that have been given a new approach to environmentally-benign and green chemistry. The imidazole compounds were also used in photography as efficient photosensitive agents [11] .
A number of methods have been developed for the synthesis of imidazoles. Generally 2,4,5-trisubstituted imidazoles are synthesized by three-component cyclocondensation of 1,2-diketone or α-hydroxyketone or α-ketomonoxime with an aldehyde and ammonium acetate, which comprise the use of ionic liquids [12] , refluxing in acetic acid [13] , silica supported sulfuric acid [14] [17] and microwave irradiation [18] . Many of the synthetic methods for imidazoles suffer from one or more disadvantages such as low yields, strict reaction conditions, long time period and expensive catalysts and difficult workup.
In continuation of our interest in the application of new catalysts in organic synthesis via MCRs [23], herein, an efficient and highly selective synthesis of highly substituted imidazoles 4 has been developed by the condensation of benzil 1 or benzoin 2 with various substituted aldehydes 3 and ammonium acetate using urea/hydrogen peroxide (UHP) as a supported green catalyst in refluxing ethanol for 2-5 h under mild reaction conditions and excellent yields (Scheme 1). For the first time, UHP is introduced in the synthesis of substituted imidazoles which has been performed as an inexpensive catalyst that can be easily separated and has excellent solubility in water and organic solvents. 
Experimental

Instruments and characterization
All chemicals were purchased from Merck, Fluka and Sigma-Aldrich companies and were used without further purification. All reactions and the purity of imidazole derivaties were monitored by thin-layer chromatography (TLC) using aluminum plates coated with silica gel F254 plates (Merck) using ethyl acetate and n-hexane as eluents. The spots were detected either under UV light or by placing in an iodine chamber. Melting points were determined in open capillaries using an Electrothermal 9100 instrument.
General procedure for the synthesis of imidazoles
A mixture of benzil or benzoin (1.0 mmol), an aldehyde (1.0 mmol), NH 4 OAc (4.0 mmol) and UHP (0.05 g) was carried out in refluxing EtOH at 80 ˚C. The progress of the reaction was monitored by TLC and after a period of 2-4 h, the starting materials were consumed. After this time, the reaction was stopped and the crude product was isolated by filtration of the reaction mixture. Pure products were obtained via re-crystallization by EtOH.
Results and Discussion
In a pilot experiment, a mixture of 1.0 mmol of benzil, 1.0 mmol of benzaldehyde, 4.0 mmol of ammonium acetate and UHP (0.05 g) in 4 mL of EtOH as solvent in a vial was stirred under refluxing conditions. The progress of the reaction was monitored by TLC. After completion of the reaction, the solid product were collected by a simple filtration and washed with acetone. In order to show the general applicability of the method a variety of imidazoles were synthesized using different aldehydes. Various halogens and electron withdrawing groups on the aldehydes were well tolerated and yields are almost quantitative in all cases (Table 1) . 
Conclusions
In summary, a rapid, efficient, one-pot and highly selective synthesis of fully substituted imidazoles has been developed by the condensation reaction of benzil or benzoin with various substituted aldehydes and ammonium acetate in the presence of a catalytic amount of urea/hydrogen peroxide as a supported green catalyst in refluxing ethanol under mild reaction conditions in suitable time and excellent yields.
